
0 
ITHRUI Z Z G E  (ACCESSION NUMBER) 

(CODE1 

H e I -  y .  
(PAGES1 E 

2 
z. J ( h ' -  f-qJq (CATEGORY) 

(NASA CR OR TUX ok AD NUMBER) 

' K A Z N  LAJOlATORHJ 
lNGORPORATfD-* FALLS CHURCH, VIRGINIA 



! 

1 MONTHLY PROGRESS REP(,RT NC,.  3 

~ A STUDY TGWARD DEVELCPMEWI? OF AN AUTOMATE3 
MICROBIAL W A B O L I S M  LABCRAT'ORY 

Contract NO. NASW 150'( 

Submitted t o  

National Aeronautics and Space Administration 
Washington, D. C .  

January 1, 1967 



MONTHLY PROGRESS REPORT NO. 3 

A .  BIOCHEMISTRY 

I 

1. Phosphate Uptake by Escherichia Col i  - 
An E. c o l i  c e l l  suspension was inoculated i n t o  40 m l .  of low- - -  

phosphate (1 mg. PO -P per l i t e r )  M9 medium containing 0.2% glucose.  
4 

Af te r  21  hours of incubat ion,  a port ion of t h e  cu l tu re  was t r ans fe r r ed  t o  

f r e sh ,  low-phosphate medium t o  i n i t i a t e  a second c u l t u r e .  Three hours 

l a t e r ,  t h e  f i r s t  cu l tu re  became 24 hours old ( s t a t i o n a r y  phase) and i t s  

subcul ture  became t h r e e  hours old ( log phase) ,  The c e l l  dens i ty  i n  

each c u l t u r e  was roughly determined from an 0. D. curve.  One m l .  (appro- 

ximately 3.5 x 1 0  

1 x 10 

were washed t h r e e  t imes with s t e r i l e  s a l i n e  so lu t ion ,  resuspended i n  

% c e l l s )  of 24-hour c u l t u r e  and 1.0 m l .  (approximately 

The 24-hour c e l l s  8 c e l l s )  of three-hour c u l t u r e  were cent r i fuged .  

s a l i n e  and s e r i a l l y  d i lu t ed  t o  prepare 0.1 ml. a l i q u o t s  containing approxi- 

mately 1.6 x 10 , 1.6  x lo5 and 1.6 x 10 6 4 c e l l s .  These a l i q u o t s  were 

inoculated i n t o  40 m l .  por t ions  of low-phosphate Mg medium t o  give 4 x 10  4 , 
2 4 x lo3 and 4 x 10 

of t h e  three-hour  inoculum containing 1 x 1 0  , 1 x 1 0  and 1 x 10 were 

s i m i l a r l y  inoculated i n t o  40 m l .  low-phosphate M9 medium t o  y i e ld  2 x 10  , 

c e l l s  per m l . ,  r espec t ive ly .  One-tenth m l .  a l i q u o t s  

6 5 4 

4 

2 x 10 3 and 2 x lo2 c e l l s  per  m l . ,  r e spec t ive ly .  A l l  c u l t u r e s  were pre-  

pared i n  dup l i ca t e .  Duplicate cont ro ls  containing 4 x lo4  c e l l s  per m l . ,  

i n  t h e  case of t h e  24-hour cu l tu re ,  and 2 x 10 c e l l s ,  i n  the  case of t he  

three-hour  cu l tu re ,  were t r e a t e d  w i t h  2,4-dinitrophenol (DNP) a t  0.66 mM. 

4 

A l l  t h e  c u l t u r e s  were aerated a t  a r a t e  of 92 m l .  per  minute while 

i ncuba t ing  a t  37' C .  Actual  c e l l  counts were determined by Trypt ic  Soy 

Agar (TSA) p l a t e s  made from a l i q u o t s  of t he  inocula .  
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Aliquots  from each incubating c u l t u r e  were taken a t  0 time, f i v e  

hours and 24 hours. 

was assayed for dissolved orthophosphate. TSA counts  were made a t  0 time 

and a t  24 hours.  The r e s u l t s  a r e  shown i n  Figure No. 1. I n  a l l  cases ,  

except t h e  con t ro l s ,  phosphate uptake was demonstrated i n  f i v e  hours, 

t he  e a r l i e s t  sampling a f t e r  t i m e  0. 

They were f i l i e r e d  by membrane f i l t e r  and t h e  f i l t r a t e  

Phosphate uptake was always higher  i n  t h e  phys io logica l ly  

younger c u l t u r e s .  This i s  cons is ten t  with r e s u l t s  given i n  Progress 

Report No. 2. 

t h e  g r e a t e s t  phosphate uptake cons i s t en t ly  occurred i n  c u l t u r e s  of smal- 

l es t  inoculum. Since both  types  of cu l tu re s  a t t a i n e d  c e l l  numbers of 

10 

which, hence, required more phosphate. The lesser phosphate uptake 

shown by t h e  DNP-treated cu l tu re s  was t h e  r e s u l t  of uncoupling of oxi-  

d a t i v e  phosphorylation, demonstrating t h a t  t h e  uptake was b i o l o g i c a l  i n  

na ture .  The small amounts of phosphate taken up by these  cu l tu re s  can 

probably be ascr ibed  t o  s u b s t r a t e  phosphorylation by t h e  inh ib i t ed  c e l l s .  

I n  both t h e  three-hour and 24-hour inocula  cu l tu re s ,  

8 per m l . ,  more c e l l  mass had been produced from t h e  lower inocula  

To compare phosphate uptake between aera ted  and non-aerated 

c u l t u r e s  of - E. -' c o l i  a s imi l a r  experimental design as described above 

was conducted. However, t h i s  time, a l l  t h e  c u l t u r e s  were incubated i n  

a s t a t i c  condi t ion a t  37' C .  

was used i n  t h e  con t ro l s  (3.0 m l .  Bp + 37.0 m l .  M9 medium). 

condi t ions ,  c l e a r l y  demonstrable phosphate uptake occurred between the  

f i v e -  and 24-hour samplings. 

Bard-Parker (BP), a germicidal  d i s i n f e c t a n t ,  

Under these  

Details are given i n  Figure No. 2.  



2 

I 

n - 
\ 
tr 
E 
Y 

Q, 
I 

.o 

0 
Q 
0 
P 

a) 
c 

L 
c 
CJ 2.c 
- .- 
LL 

I .o 

0 

3 HOUR INOCULA 

Initial density (cells/mI 
1.5 x 104(DNP) - 

I I I 

0 5 24 
Time - hours 

0 5 24 
Time - hours 

Figure No. I - Orthophosphate uptake by aerating (92 mI/min) 
cultures of E. Coli seeded from 3 hour and 
24 hour cultures grown in low-phosphate M9, 
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Figure No. 2 - Orthophosphate uptake by non-aerating 
cultures of E. Coli seeded from 3 hour 
and 24 hour culture grown in low- 
phosphate M 9. 
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The age of t h e  inoculum d i d  not  inf luence phosphate uptake as 

it d i d  i n  t h e  case of t h e  a e r a t i n g  cu l tu re s .  Contrary t o  t h e  observa- 

t i o n s  on aera ted  cu l tu re s ,  uptake var ied . d i r e c t l y  with s i z e  of inoculum. 

The inoculated con t ro l s  poisoned with BP showed no uptake of 

phosphate. Instead,  t h e i r  dissolved phosphate l e v e l s  were c o n s i s t e n t l y  

higher than  those  of t h e  s t e r i l e  cont ro ls ,  demonstrating t h a t  phosphate 

leaked out from t h e  poisoned c e l l s  almost immediately, This, even more 

f o r c e f u l l y  than  t h e  DNP, showed t h e  b i o l o g i c a l  na ture  of t h e  uptake.  

2. Phosphate Uptake by Clostridium tetanomorphum 

- C.  tetanamorphwn was subcultured from cooked meat medium i n t o  

low-phosphate (1.0 mg.  PO P per  l i t e r )  M9 containing 0.2% glucose and 

0.01% Na-thioglycol la te  (MTG-9) under anaerobic condi t ions obtained by 

4- 

f l u s h i n g  with N The 

gass ing  l i n e s  were closed afterward t o  prevent d i f f u s i o n  of oxygen 

gas 10  minutes before and a f t e r  inocula t ion .  
2 

i n t o  t h e  cu l tu re  medium. A 24-hour cu l tu re  containing approximately 
7 

5 x 10 '  c e l l s  per  m l .  was washed and s e r i a l l y  d i l u t e d  with MTG-9. One- 

t e n t h  m l .  a l i q u o t s  of t he  d i l u t e d  cu l tu re  were added t o  40 m l .  MTG-9 

medium t o  obta in  approximate c e l l  concentrat ions of 1 x 10 , 1 x lo3  and 4 

2 1 x 10 per m l . ,  and anaerobiosis  was r e e s t a b l i s h e d ,  

organism i s  slower growing than  E. c o l i ,  t he  24-hour cu l tu re  was used as 

t h e  "young inoculum." 

a f t e r  48 hours. 

9 x lo8 c e l l s  per m l .  

Since t h i s  anaerobic 

The parent  cu l tu re  served a s  the  "old inoculum" 

The approximate dens i ty  of t h e  48-hour inoculum was 

Zero time c e l l  numbers i n  40 m l .  MTG-9 were 
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2 1 x LO4, 1 x 103 and 1 x 10 

shown i n  Figure No. 3. 

per  ml. fo r  both inocula .  The r e s u l t s  are 

Phosphate uptake was noticed a t  f ive-hour  incubat ion from 

c u l t u r e s  of 24-hour inoculum. 

inoculum did not  show any phosphate uptake. 

were made and it i s  poss ib l e  t h a t  t he  c e l l s  d ied .  The f a c t  t h a t  phos- 

phate leakage var ied  d i r e c t l y  with size of inoculum ind ica t e s  t h i s  was 

t h e  case .  

c u l t u r e s  followed t h e  aerated - -  E. c o l i  cu l tu re ,  t h e  greatest  uptake be ing  

exer ted  by  t h e  c u l t u r e  der ived from the  smallest inoculum. 

The corresponding c u l t u r e s  from 48-hour 

No f i n a l  c e l l  counts 

The p a t t e r n  of phosphate uptake i n  t h e  24-hour inocula 

The mode of a c t i o n  of Bard-Parker poison on anaerobic  

- C .  tetanomorphum seems t o  be d i f fe ren t  from t h a t  opera t ing  on t h e  

f a c u l t a t i v e  - -  E. c o l i .  

observed i n  t h e  former spec ies .  This observat ion and t h e  poss ib le  

dea th  of t h e  48-hour inocula  cu l tu re s  argue f o r  a r e p e a t  of t h i s  

experiment . 

No c l e a r  pa t t e rn  of phosphate leakage was 

B. ENGINEERING 

The components required t o  t e s t  t h e  f e a s i b i l i t y  of convert ing 

C l 4  beta p a r t i c l e s  i n t o  photons t o  permit t h e  use of a photomult ipl ier  

readout  system have been obtained. A p lan  f o r  performing t h e  t e s t  has 

been made. 
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Figure No. 3 -Orthophosphate uptake by cultures of CI. 
tetanomorphum seeded from 24 h o w  a n a  
48 hour cultures grown in MTG - 9. 
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